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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objective: To evaluate the safety, efficacy and possible complications of 16-core trans-
rectal prostate biopsies using two doses of ciprofloxacin for prophylaxis of infectious 
complications.
Materials and Methods: Sixteen-core prostate biopsies were performed on a number of 
patients with different signs of potential prostate cancer. Complications were assessed 
both during the procedure and one week later. After the procedure, urine samples were 
collected for culture. The rate of post-biopsy complications, hospital visits and hos-
pitalizations were also analyzed. Ciprofloxacin (500 mg) was administered two hours 
before, and eight hours after the procedure.
Results: The overall rate of post-biopsy complications was 87.32%, being 5.4% of tho-
se considered major complications due to hemorrhage, or to urinary retention. Eight 
patients required hospital treatment post-biopsy. Fever occurred in just one patient 
(0.29%). There was no incidence of orchitis, epididymitis, prostatitis, septicemia, hos-
pitalization, or death. The urine culture showed positive results in five patients (2.15%).
Conclusion: One-day prophylaxis with ciprofloxacin proved to be safe and effective in 
the prevention of infectious complications following 16-core prostate biopsies.
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INTRODUCTION

Excluding skin cancers, prostate cancer 
(PCa) is the most common cancer in men and the 
second cause of death, only after lung cancer. The 
estimated new cases of PCa and death in the Uni-
ted States (USA) in 2014 were 233,000 and 29,480, 
respectively (1). In Brazil, the number of deaths in 
2011 was 13,129 and the estimated new cases for 
the year 2014 will be 68,800 (2).

	The method of choice for final diagnosis 
of Pca is transrectal ultrasound (TRUS)-guided 
biopsy (2). Despite various studies in the literature 
that demonstrate low rates of complications and 

good tolerance to the procedure (3, 4), it is still 
considered invasive and not entirely free of com-
plications. For some patients, it is an arduous and 
painful exam. Furthermore, the procedure cannot 
guarantee the absence of Pca, even with a negati-
ve result. Due to the aforementioned issues, there 
is great interest in making the exam as safe, fast 
and efficient as possible, along with the lowest ra-
tes of complications achievable.

The main complications related to prostate 
biopsy may be immediate, such as rectal bleeding 
(1.3 to 33.1%), hematuria (13 to 65%), vaso-vagal 
response (0 to 2.8%), and delayed, such as fever (1.7 
to 6.6%), hemospermia (5.1 to 50.4%), persistent 
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dysuria (0 to 7.2%), infection (2.5 to 9.2%), acute 
prostatitis (0 to 1.8%) and urosepsis (0 to 8%) (5, 6).

	There are many measures that can be taken 
in prostate biopsies in order to minimize post-
-procedural complications. Such measures include 
prior evaluation of patient co-morbidities; intes-
tinal preparation; administration of prophylactic 
antibiotics; indication of the ideal number and lo-
cation of biopsies to be performed; use of anesthe-
sia or sedation; and appropriate room with all the 
material necessary for the intervention on emer-
gency situations (6, 7).

	Antibiotic prophylaxis generally redu-
ces the risk of infectious complications following 
TRUS guided biopsy (8). Oral quinolones are the 
most common prophylactic antibiotics, either alo-
ne or in combination with other antibiotics; opti-
mal dosing and treatment period vary, but in the 
last few years increased resistance to quinolones 
has been reported associated with a rise in severe 
infectious complications after biopsy (4, 9).

	The aim of this present study was to eva-
luate the complications, possible risk factors, ou-
tcomes, safety and efficacy of TRUS guided biopsy 
with removal of 16 fragments, using two doses 
of ciprofloxacin as prophylaxis against infectious 
complications.

MATERIALS AND METHODS

The present prospective study was con-
ducted from January 2011 to February 2012 wi-
thin the Department of Urology, Botucatu Me-
dical School - UNESP after the approval of the 
Research Ethics Committee. A sample of 351 
patients was submitted consecutively to TRUS 
prostate biopsies. The criteria for inclusion in 
the study were: digital rectal exams suggestive 
of neoplasia; elevated prostate specific antigen 
(PSA) (higher than 4.0 ng/mL in men over the 
age of 55 and higher than 2.5 ng/mL in men un-
der the age of 55); PSA density greater than 0.15 
ng/mL; and annual increase rate of PSA higher 
than 0.75 ng/mL. Carriers of coagulopathies, in-
dividuals with urinary tract infections (whether 
diagnosed at the time of biopsy or in treatment), 
and those who refused informed written consent 
were excluded from the study.

After consulting the patient’s medical re-
cords, parameters such as age, race, serum total 
PSA (current and previous), free PSA, free PSA / 
total PSA and biopsy indication were analyzed. 
Prior to ultrasound, a digital rectal exam was 
conducted. Prostate volume and nodule presen-
ce were determined via ultrasound. Complica-
tions during the procedure were rectal bleeding, 
urethral bleeding, hypotension, vaso-vagal res-
ponse, hypoxia, nausea, vomiting, pain and uri-
nary retention.

	The biopsy was performed on an outpa-
tient basis, in a room equipped with all material 
necessary for emergency intervention. Sedation 
and anesthesia were realized by the administra-
tion of 50 mcg fentanyl citrate and 5 mg mi-
dazolam. The biopsies were performed by two 
experienced urologists. On the morning of the 
procedure, rectal enema was performed with 250 
mL, and antibiotic prophylaxis was achieved 
with the oral administration of ciprofloxacin 500 
mg two hours prior to the procedure, and again 
eight hours after it. The procedure was performed 
with the patient in the left lateral position with 
his thighs flexed. The procedure was performed 
using a Dornier transrectal ultrasound equip-
ment, with a 6.5 MHz multiplanar probe, auto-
-fire gun and 18 gauge needle.

Shortly after the biopsy, urine samples 
were collected for culture.

Sixteen punctures were performed, ob-
taining cores bilaterally from the following re-
gions of the prostate: the base, middle third, 
apex, medial (transitional zone), and latero-la-
teral. After collecting these cores, six additio-
nal punctures were made bilaterally in the more 
lateral regions of the base, the middle third, and 
the apex (Figure-1).

The positivity for diagnosis of prostate 
cancer was assessed as well as the overall rate of 
post-biopsy complications.

Seven days after the procedure, the pa-
tients returned to the clinics where they comple-
ted a questionnaire to assess possible complica-
tions resulting from the procedure such as pain, 
fever, hematuria, dysuria, hemospermia, and rec-
tal bleeding. Visits to the hospital as well as hos-
pitalizations were also analyzed.
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RESULTS

	Of the 351 patients who underwent the 
procedure, the immediate complications (during 
and after biopsy) were rectal bleeding, intense 
pain, urinary retention, urethral bleeding, hypo-
tension, vaso-vagal response (sweating, hypoten-
sion, bradycardia), nausea and vomiting (Table-1).

	In 347 patients, long-term complications 
were hematuria, hemospermia, rectal bleeding, dy-
suria, pain and fever. There were no cases of sepsis 
and death (Table-2). We had a loss of four patients  
who did not return to the clinic to complete the 
questionnaire of long-term complications.

	Positive results for PCa with the collection 
of 16 cores were 30.48%.

	The overall rate of post-biopsy complica-
tions was 87.32%, with 5.4% of those being con-
sidered major complications, and the rest minor 
complications.

	Eight patients sought emergency hospital 
care after the biopsy due to urinary retention, in-
tense hematuria and urethral bleeding (Table-3).

	After the prostate biopsy procedure, urine 
samples were collected for culture in 232 patients, 
five of which were positive (2.15%) (Table-4). Of 
the 351 patients submitted to the prostate biopsy, 
eight patients (2.27%) were catheterized with an 
indwelling catheter, and did not have urine sam-
ples collected.

DISCUSSION

	Prostate cancer is a neoplasm with parti-
cularly insidious onset, and as with any other ma-
lignant neoplasm, there is great concern to stablish 
an early diagnosis. With the introduction of PSA 
testing in the screening for prostate cancer, there 
was an important advancement in the early diag-
nosis of the disease, making possible the detection 
of subclinical neoplasms in many more patients.

	TRUS guided biopsy is the most accep-
ted method for the diagnosis of prostate cancer 
(10). Although it is the ideal method for obtaining 
prostatic cores for analysis, TRUS biopsy of the 
prostate is considered an invasive procedure that 

Figure 1 – Regions where punctures were made to collect prostate cores: 1. right base, 2. right middle third, 3. right apex, 
4. latero-lateral right, 5. right medial, 6. left base, 7. left middle third, 8. Left apex, 9. latero-lateral left, 10. left medial, 
11. right base, 12. right middle third, 13. right apex, 14. left base, 15. left middle third and 16. left apex.
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Table 1 - Immediate complications (during and after biopsy).

Immediate complications N (351) %

Rectal bleeding 30 8.54

Intense pain 17 4.84

Urinary retention 16 4.56

Urethral bleeding 9 2.56

Hypotension 3 0.85

Vaso-vagal response (sweating, hypotension and bradycardia) 2 0.57

Nausea 1 0.28

Vomiting 1 0.28

Hypoxia 0 0

Table 2 – Delayed complications.

N(347) % Average (days) SD

Hematuria 226 65.13 2.50 3.38

Hemospermia 155 44.67 4.68 7.74

Rectal bleeding 78 22.48 0.61 1.86

Dysuria 51 14.70 0.65 2.09

Pain 33 9.54 0.27 1.17

Fever 1 0.29 0.01 0.12

Sepsis 0 0 0 0

Death 0 0 0 0

Table 3 – Hospital visits post-biopsy.

Hospital visits post-biopsy N (347) %

Urinary retention 5 1.44

Intense hematuria 2 0.57

Urethral bleeding 1 0.28

Table 4 – Urine culture post-biopsy.

Urine culture post-biopsy N (232) %

Mixed flora 2 0.86

E. coli 1 0.43

Citrobacter freundii 1 0.43

Morganella morganii 1 0.43

is uncomfortable for the patient (6, 11). Conside-
ring the fact that the vast majority of men sub-
jected to the exam show no signs of cancer, there 
is great concern that the procedure be as safe and 
effective as possible. Thus, complications should 
be minimized whenever possible. These complica-
tions also translate into costs. In USA, it is esti-
mated that about 1,000,000 prostate biopsies are 
carried out per year (4). If one were to consider, 
hypothetically, if just 1% of those patients were 
to experience complications that required medi-
cal care and the interruption of their professional 
lives, the inherent cost of the procedure – both 
societally and on the individual level – are consi-
derably alarming.

The positivity for CaP with collecting 16 
fragments was 30.48 %; in the literature the rate 
is 30 to 40% (12).
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The overall rate of complications after 
biopsy was found to be 87.32% in our study. 
5.4% of those complications were considered to 
be major, such as hematuria and rectal bleeding 
for more than 7 days, infectious complications, 
urinary retention and death. Minor complications 
are mostly self-limited, resolving days after the 
biopsy, not causing increased morbidity to the pa-
tient. These data were also reported by other au-
thors, such as Rodriguez and Terris (11) and Jesus 
et al. (6). This is important because we have gi-
ven a higher probability of having some kind of 
complication, and patients have the right and our 
obligation to be alerted to this fact.

Despite occurring with great frequency, the 
minor complications associated with this proce-
dure are little discussed in the literature, with the 
infectious complications being given much greater 
focus (6). Amongst the most common minor com-
plications are those of hemorrhagic origin, such 
as hematuria. The results of the present study de-
monstrate an incidence of 65.13% of patients with 
hematuria, values consistent with those found in 
the literature (6, 13, 14).

The hemospermia in this study was the se-
cond cause of hemorrhagic complications corres-
ponding to 44.67% of patients undergoing biopsy, 
also compatible with the data values from the litera-
ture (6, 14). The reported rate of hemospermia varies 
widely among studies, this variation may reflect cul-
tural issues, absence of sexual activity, social stig-
ma, or different perceptions of importance as well as 
differences in data collection among studies (timing 
and method of assessment) (9). Hemospermia is the 
type of hemorrhagic complications that worries and 
frightens the patient submitted to prostate biopsy 
and more common in sexually active patients.

As the third most common complication in 
the present study, rectal bleeding was reported in 
22.48% of the patients submitted to biopsy. Other 
studies relate an incidence of rectal bleeding that 
varies from 1.3% to 37.1% of biopsied patients (6, 
11, 13, 14). Almost all patients had rectal bleeding 
after prostate biopsy, assessment of immediate ble-
eding was subjective. Patients who had little blee-
ding were not considered in the study and patients 
with severe rectal bleeding who underwent treat-
ment or observation were considered.

Infectious complications are less common 
than hemorrhagic, but present a greater risk of 
morbidity to the patient. Several recent studies 
describe increased rates of hospitalization after 
prostate biopsy, specifically because of infectious 
complications. Severe sepsis has been reported in 
0.1% to 3.5% of patients, with Escherichia coli 
being the most common bacteria involved (4, 13, 
15). In the present study, only one patient (0.29%) 
presented with fever and chills on the second day 
post-biopsy, which lasted only one day after be-
ginning a 7-day course of ciprofloxacin. 51 pa-
tients (14.70%) presented with dysuria, but without 
the presence of infection, and no patient develo-
ped sepsis. Some authors consider asymptomatic 
bacteremia an infectious complication, though the 
majority only considers bacterial presence a com-
plication when accompanied by clinical symptoms 
(16). Dysuria and pollakiuria are symptoms that 
are only considered infectious when accompanied 
by other symptoms of infection (positive urine 
culture, fever, chills, orchitis, or prostatis). Dysu-
ria and pollakiuria can be the result of irritative 
factors after prostate biopsies such as edema or 
clots that obstruct the passage of urine through 
the urethral canal.

The post-biopsy urine culture was positive 
in five patients (2.15%) from a total of 232 sam-
ples. Only one patient with positive urine culture 
evolved with symptomatology, developing urinary 
retention. Although not frequently seen, asympto-
matic bacteriuria was reported by Fong et al. (17) 
in 7% of the patients in their study in which two 
types of antibiotics were compared. The presence 
of positive urine culture is associated with the use 
of antibiotic prophylaxis, the type of antibiotic 
used, and the presence of urinary tract infection 
prior to biopsy (8, 17).

One strategy to reduce infectious com-
plications is rectal cleansing; a Cochrane review 
concluded that enema plus antibiotics reduced the 
risk of bacteremia (relative risk [RR]: 0.25; 95%CI, 
0.08–0.75) compared with antibiotics alone (7). The 
problem of infection after TRUS-guided biopsy has 
long been recognized in many studies, with bacte-
raemia occurring in almost all and bacteriuria in 
13–36% of men when a placebo or no antibiotic 
prophylaxis is used (7-9).
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Currently, the use prophylactic antibiotics 
to minimize infective complications are routinely 
used, but such therapy does not completely elimi-
nate infection and there is no consensus about an-
tibiotic choice, dose, route of administration and 
duration of therapy (9). In a systematic review, 
Zani et al. (7) showed that antibiotic prophylaxis 
is effective in the prevention of infectious compli-
cations after prostate biopsy and that a variety of 
classes of antibiotics are effective. The quinolone 
class (ciprofloxacin) was the most widely resear-
ched class, with the greatest number of studies 
and subjects dedicated to its research. There were 
no definitive studies to confirm that long duration 
antibiotic courses (three days) are superior to short 
duration courses (one day), or that multiple dose 
treatment is superior to single dose treatment.

Antibiotic prophylaxis most commonly 
uses fluoroquinolones  (ciprofloxacin), largely due 
to a broad spectrum of antibacterial activity, inclu-
ding most aerobic microorganisms residing in the 
bowel, good oral bioavailability (70% to 80%), ex-
tended half-life (4 to 5 hours), high concentration 
in both urine and prostate tissue, and post-antibio-
tic effect suppressing bacterial growth lasting for 
2 to 6 hours (8, 18). Thus, ciprofloxacin becomes 
a logical candidate for the prophylaxis of urina-
ry tract infections in patients undergoing prosta-
te biopsy. However, recent studies have described 
an increase in infections after prostate biopsy by 
fluoroquinolone-resistant E. coli (19, 20).

A new strain of E. coli recently emerged 
from phylogenetic group B2, sequence type 131 
(ST131), characterized by its ability to combine a 
set of extra-bowel virulence factors with antimi-
crobial resistance, principally against fluoroqui-
nolone (21, 22). Recent studies have emphasized 
that E. Coli ST131 is capable of spreading in the 
community and rates of fluoroquinolone-resistant 
bowel colonization can rise amongst men who 
undergo prostate biopsies (23, 24).

An increase in fluoroquinolone-resistant 
E. coli strains has been observed in certain locali-
ties, remaining below 5% in most places, however, 
certain areas have seen more significant increases, 
such as São Paulo, Brazil, wherein the density of 
these strains has continued to grow even further in 
recent years (19).

Quinolone-resistant strains of E. coli will be-
come even more common in the future. For areas 
in which the rate of infection from prostate biopsy 
remains high, the exclusive use of alternative pro-
phylactic antibiotic regiments, or alternatives used 
in combination with fluoroquinolones, may be use-
ful in the reduction of rates of complications (25, 26).

The low rate of infectious complications ob-
served in our study may be due to a population less 
exposed to antibiotics and a lower incidence of E. 
coli strains resistant to ciprofloxacin, demonstrating 
the efficacy and safety of short-term prophylaxis 
with ciprofloxacin in our location.

Eight patients (2.30%) in a total of 347 pa-
tients were hospitalized, five of them due to urinary 
retention. In our study there was no hospitalization 
resulting from post- biopsy complications. In litera-
ture hospitalization rates range from 0.1 to 3.4% (5, 
6, 11, 13, 15).

In our study, 16 patients (4.56%) presented 
with urinary retention, a number significantly gre-
ater than those seen in comparable studies. Only in 
the study of Deliveliotis et al. (27) occurred a similar 
rate (4.6%) of urinary retention. The cause of urina-
ry retention can be explained perhaps by collecting 
fragments in transition zones near the prostatic ure-
thra, prostate volume, lower urinary tract symptoms 
(LUTS) pre biopsy or the number of cores collected. 
In our study, we collected two cores from the transi-
tion zone (one core bilaterally), which may have re-
sulted in injury and inflammation near the urethra, 
thus explaining the increase in rates of urinary re-
tention. Biopsy in the transition zone has a low rate 
of detection of PCa (1.8%), and does not improve the 
number of positive re-biopsies. There is currently no 
indication for the collection of cores from the tran-
sition zone (28). In our sample of 351 patients, only 
one patient (0.28%) was diagnosed with PCa due to 
collection from the transition zone, reinforcing the 
lack of necessity for the biopsy of this region. Ra-
aijmakers et al. (13) demonstrated that an increase 
in prostate volume is associated with hematuria of 
over three days’ duration (p<0.001) and acute urina-
ry retention (p=0.009). The mean prostate volume in 
the 16 patients who developed urinary retention in 
our study was 50.12 cm3, which is not statistically 
different from patients who did not experience this 
complication. According to the data obtained in this 



ibju | Short-term prophylaxis with ciprofloxacin in  prostate biopsy

52

study, Rodriguez and Terris (11) did not demonstrate 
any association with prostate volume and morbidi-
ty. Zisman et al. (29) reported  a relationship betwe-
en prostate biopsy and LUTS, a transient voiding 
impairment or acute urinary retention might be 
precipitated by biopsy, especially in patients with a 
transition zone volume >42 mL and with a baseline 
IPSS of >20. In our study we did not performed the 
evaluation of LUTS in pre biopsy period. It seems lo-
gical that the greater the number of cores collected, 
the greater the damage to the prostate, but in many 
studies comparing biopsies with varying numbers 
of cores collected, there were no statistically signifi-
cant differences regarding complications associated 
with prostate biopsy (5, 30, 31).

CONCLUSIONS

Prophylaxis with a single-day course of 
ciprofloxacin in this study proved to be effective, 
with low rates of infectious complications, even 
in extended biopsies. These findings demonstrate 
that ciprofloxacin remains the gold-standard drug 
for antibiotic prophylaxis in this procedure.
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EDITORIAL COMMENT

	The referred manuscript is a large sample 
study and demonstrated good results in terms of 
low overall incidence of symptomatic urinary tract 
infection. These results denoted that ciprofloxacin 
still was effective in promoting antibiotic pro-
phylaxis in the population evaluated despite the 
current increase in bacterial resistance rates fa-
ced by fluoroquinolones. This observation permits 
emphasize that population variability may play 
an important role on the selecting process of an-
tibiotics for prophylaxis purposes. Consequently, 
knowledge of the bacterial resistance profile from 
the local population is paramount for optimizing 
post-biopsy infectious complications results. Ho-
wever, this study results have limitations, a con-
trol group was not designed for comparisons and 
therefore its evidence level was reduced to grade 
III. Other aspect is that post-biopsy urine culture 
was positive in four asymptomatic patients and 
was not considered as an infection event. Asymp-
tomatic bacteriuria can lead to oligosymptomatic 
urine/prostate colonization causing eventual uri-
nary tract infection onset in the future.

Is the era of empiric fluoroquinolones for 
prostate biopsy prophylaxis over?

Prostate biopsy is the gold-standard me-
thod for diagnosing prostate cancer. The procedu-
re is most commonly performed through a trans-
rectal approach, which can expose the genital and 
urinary tract to Gram-negative enterobacteria in-
fection, especially caused by E. coli (1).

A Cochrane review on prophylaxis for 
transrectal prostate biopsy revealed a significant 
reduction in bacteriuria, urinary tract infection, 
bacteremia, fever and hospitalization after pros-
tate biopsy with antibiotics compared to placebo. 
Definitive evidences of superiority of long-term or 
multiple-dose compared to short-term or single-
-dose antibiotic prophylaxis protocols were not 
demonstrated (2). Several reports have not shown 
significant difference between single-dose/1-day 
and 3-day prophylactic regimens (3-5). In addi-
tion, the American Urological Association has re-
commended antibiotic prophylaxis maintained for 
less than 24 hours in transrectal prostate biopsies 
(6). In this scenario, a short-term protocol may 

offer advantages of cost savings with potentially 
fewer drug related resistance.

Other efforts for reducing post-biopsy in-
fection rates have been investigated. The use of 
enemas in association with antibiotic prophylaxis 
was also evaluated by Cochrane review. A reduced 
risk of bacteremia was identified when this asso-
ciation was applied compared to antibiotics alone, 
although no differences were found in fever or in-
fection endpoints (2).

Patient-specific and procedure-specific cha-
racteristics were also described as possible potential 
risk factors for higher post-biopsy infection rates: 
increased comorbidity scores, untreated asympto-
matic bacteriuria, history of prostatitis, urinary tract 
infection, prostate size, indwelling urinary catheters, 
presence of bladder stones, inadequately treated dia-
betes mellitus, number of biopsy cores and number 
of repeat biopsy procedures (7).

The choice of the prophylactic antibiotic 
type has been empirical and guided by the expec-
ted bacterial spectrum at the operative site, an-
tibiotic susceptibility, drug pharmacokinetic and 
pharmacodynamics properties (8). Fluoroquino-
lones have traditionally been used as the prima-
ry prophylactic agent for prostate biopsy due to 
excellent urinary and prostatic penetration provi-
ding optimal coverage against key pathogens (9).

Despite the fact transrectal prostate biopsy 
has been widely considered a safe procedure for 
a long period of time and associated with low in-
fectious complications rates, contemporary pros-
pective and retrospective reports have currently 
shown a surprisingly increase on post-biopsy in-
fectious rates from 1% to 4% over the past fifteen 
years (10, 11). Parallel to this trend, studies have 
also shown a dramatically increase in the preva-
lence of fluoroquinolone-resistant E. coli strains 
(12). These findings have progressively changed 
the optimal scenario found by fluoroquinolones 
to effectively promote antibiotic prophylaxis in 
transrectal prostate biopsies.

Another important issue is that the pre-
vious controlled randomized trials that first eva-
luated the empirical use of antibiotic prophylaxis 
before transrectal prostate biopsies were perfor-
med when levels of resistance to commonly used 
antibiotics were generally low (2).
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In this respect, recent reports demonstrated 
presence of fluoroquinolone-resistant bacteria in 
50-90% of patients with post-biopsy symptomatic 
infections. Additionally, the presence of fluoro-
quinolone–resistant pathogens in the rectal flora 
preoperatively, has been considered the most im-
portant risk factor for post-biopsy infection. The 
risk of harboring fluoroquinolone-resistant bac-
teria in the faeces was evaluated and increased 
remarkably on those who have received fluoro-
quinolones within the past 6 months or after in-
ternational travel to countries with high levels of 
antibiotic resistance (12-14).

In this regard, non-randomized trials ap-
plied rectal swab cultures for preoperative asses-
sment of rectal flora susceptibility and performed 
a targeted antimicrobial therapy based on its 
susceptibility profile. The targeted antibiotic pro-
phylaxis was associated with a notable decrease in 
the incidence of infectious complications as well 
as a decrease in the overall cost of care (15).

Currently, these new attempts for a more 
individualized and optimized antibiotic prophyla-
xis based on the susceptibility profile of the rectal 
flora of each patient reached a new milestone of a 
new era on the way for reducing post biopsies in-
fection rates. However, additional larger randomi-
zed prospective studies are still needed to further 
evaluate the efficacy and cost-effectiveness of this 
new strategy and compare it to the traditional em-
pirical prophylaxis approach.

On the other hand, new biopsy technolo-
gy as the MRI-transrectal ultrasonography (MRI-
-TRUS) fusion-guided-3D targeted biopsies has 
potential to reduce the number of repeated biopsies 
(16,17). Consequently, it may reduce the amount 
of antibiotic used for prophylaxis and therefore 
possibly contribute for reducing antibiotic resis-
tance in the future.
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